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AERODYNAMIC CHARACTERISTICS OF A MANNED LIFTING 

EVI'FZY VEEICLF: AT MACH NUMBERS FROM 0.2 TO 1.p 

By Robert W. Rainey and Charles L. Ladson 
Langley Research Center 

SUMMARY 

A research study i s  underway at t h e  Langley Research Center of a blunt- 
leading-edge, negative-camber, delta-planform ent ry  vehicle with horizontal-  
landing capabili ty,  designated HL10. A s  part of t h i s  study, t he  aerodynamic 
cha rac t e r i s t i c s  of t h e  vehicle have been obtained at Mach numbers from 0.2 t o  
1 .2  a t  angles of a t tack  from Oo t o  about 24O. 
tudinal,  d i rect ional ,  and l a t e r a l  s t a b i l i t y  and control parameters of the  entry 

had favorable yaw due t o  r o l l  and unfavorable r o l l  due t o  yaw (correctable  by 
use of r o l l  cont ro ls )  throughout t h e  t e s t  range of Mach numbers and angles of 

9 at tack.  Effects  of t i p - f in  removal, center-l ine dorsal-f in  size,  and t h e  close 
proximity of a launch-vehicle adapter section upon the  aerodynamic character- 

' i s t i c s  have been determined. 

The performance and s t a t i c  longi- 

I vehicle  were measured. I n  general, t h e  vehicle w a s  s tab le  and control lable  and 
' 

INTRODUCTION 

Studies of manned l i f t i n g  entry over a wide range of en t ry  ve loc i t i e s  a t  
t h e  Langley Research Center ( r e f .  1) and at  other  research f a c i l i t i e s  ( f o r  
instance, ref.  2) have indicated t h a t  a vehicle with a hypersonic maximum l i f t -  
drag r a t i o  of about 1 merits consideration as a fu ture  manned en t ry  vehicle.  
Consequently, at the  Langley Research Center an invest igat ion of a manned 
l i f t i n g  en t ry  vehicle  w a s  i n i t i a t e d .  
able  so lu t ions  may be ascertained, a b a s i c  blunt body t h a t  showed considerable 
promise of meeting t h e  main objectives was designed. 
studied, w i t h  and without negative camber, a t  hypersonic and subsonic speeds 
(refs. 3 and 4) .  
landing vers ion of t h e  negative- camber basic body, designated HL-10, throughout 
t he  major por t ion  of t h e  i n i t i a l  de ta i led  s tudies .  

I n  order t h a t  spec i f ic  problems and prob- 

This basic  shape w a s  

From these r e s u l t s  it was decided t o  use t h e  horizontal  

(See, f o r  instance, r e f .  5 . )  

The purpose of t h i s  paper i s  t o  present t h e  t ransonic  aerodynamic charac- 
t e r i s t i c s  of t he  negative-camber HL-10 vehicle with t i p  f i n  D and center-l ine 
dorsa l  f i n  E t h a t  were recommended i n  references 4 and 5. 
at Mach numbers from 0.2 t o  1.2 at Reynolds numbers ranging from about 

Tests were conducted 
, 
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1.8 x 10 6 t o  about 5.1 x 10 6 , based on body length.  
urat ion modifications studied included removal of t i p  f in ,  changing t h e  dorsal- 

e f f ec t s  Of a launch-vehicle adapter sect ion i n  close proximity behind t h e  entry 
vehicle equipped with abort  rockets and windshield cover were determined. 
longi tudinal  performance and the  longitudinal,  d i rect ional ,and l a t e r a l  s t a b i l i t y ;  
and control da t a  a re  presented without analysis .  

The entry-vehicle config- 

I f i n  size, i n s t a l l i n g  a canopy, and def lect ing the  controls.  I n  addition, the  .. 
The 

I SYMBOLS 

b cha rac t e r i s t i c  span f o r  yawing- and rolling-moment coef f ic ien ts  

Axial force 
ss 

axial-force coeff ic ient ,  CA 

I Drag drag coeff ic ient ,  - 
qs 

L i f t  l i f t  coeff ic ient ,  - 
qs 

CD 

CL 

Rolling moment rolling-moment coeff ic ient ,  
(2% 

C2 . 
per degree ac1 

czp = ae 
Pitching moment 

qsz 
pitching-moment coeff ic ient ,  Cm 

Normal force  normal-force coeff ic ient ,  
qs 

CN 

Y a w i n g  moment 
q a  

yawing-moment coeff ic ient ,  Cn 

Cnp = as per  degree 

side-force coeff ic ient ,  Side force 
qs 

CY 

- per  degree 
cya - aB 
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l i f t -d rag  r a t i o  

length of vehicle 

free-stream Mach number 

free-stream dynamic pressure 

Reynolds number based on vehicle length 

reference area equal t o  projected planform area  with elevons 

body axes 

ordinates  along body axes 

angle of attack, deg 

angle of s idesl ip ,  deg 

elevon def lec t ion  angle, pos i t ive  with t r a i l i n g  edge down, deg 

2 

rudder deflection, pos i t ive  w i t h  t r a i l i n g  edge t o  l e f t ,  deg 

a i l e ron  def lect ion angle, equal t o  r igh t  elevon def lec t ion  angle 
minus l e f t  elevon def lect ion angle, deg 

MODEL AND DESIGNATIONS 

Three-view drawings showing details  of the basic  HL-10 configuration and 
most of t h e  various components t e s t ed  a r e  presented i n  f igure  1. The f ins ,  
canopy, and adapter sect ion a re  iden t i f i ed  by l e t t e r  designations as follows: 

Fin D-1: Tip dorsa l  f i n s  toed i n  16O and ro l led  up 64.5O from the  
horizontal  

Fin E: Center-line dorsal  f i n  mounted e i t h e r  on the  body with canopy 
o f f  o r  on the canopy 

Fin  0:- Center-line dorsa l  f i n  E mounted on the  body and p a r t i a l l y  sub- 
merged i n  the canopy 

Canopy D: Center-line canopy extending from vehicle nose t o  t r a i l i n g  edge 

.* Launch-vehicle adapter sect ion A: Conical sect ion between launch vehicle 
and spacecraf t  having a semivertex angle of 4 5 O  

These model designations are a continuation of those presented i n  reference 5 .  
The rolled-up t i p  dorsa l  f i n  i s  designated f i n  D i n  reference 5 and D - 1  i n  t h i s  

3 
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report  t o  show t h a t  there  were minor angular and dimensional differences between 
t h e  f i n s  of t h e  two models. Nondimensional cross-section ordinates f o r  t h e  
HL-10 configuration with t i p  f i n s  off a r e  presented i n  t a b l e  I. - .  

The 16-inch-long model w a s  constructed of molded f ibe r  g lass  with a steel  
core and was equipped with interchangeable f ins ,  elevons, and canopy. The t i p  , 

f i n s  and canopy were constructed of f i b e r  glass,  t h e  center-l ine d o r s a l  f i n  Of 

aluminum, and t h e  abort rockets and launch-vehicle adapter sect ion of wood. The 
adapter sect ion was mounted on the  balance support s t i ng  with about 1/16-inch 
clearance between it and the  model. 

A l l  coef f ic ien ts  a re  based on the  t o t a l  projected planform area ( t i p  f i n s  
excluded), t he  span, and the  length of t h e  model. The moment center i s  located 
0.332 behind the  vehicle nose and 0.01252 below the  reference center l i n e .  The 
reference areas  and lengths are as follows: 

S = 0.6344 sq f t  

b = 10.31 in.  

2 = 16.00 in .  

APPARATUS, TESTS, AND PROCEDURE 

The invest igat ion w a s  conducted i n  t h e  Langley 8-foot t ransonic  pressure 
tunnel.  The tes t  sect ion of t h i s  f a c i l i t y  has a rectangular cross section. The. 
upper and lower w a l l s  are s l o t t e d  longi tudinal ly  t o  allow continuous operation 
throughout t h e  transonic speed range with negl igible  e f f ec t s  of choking and 
blockage. The dewpoint of t he  tunnel  a i r  w a s  held constant at  about Oo F, and 
the  stagnation temperature of t h e  tunnel  a i r  was automatically held at  about 
120' F. 
effects .  Details of t h e  t e s t  sect ion are presented i n  reference 6. 

Control of both dewpoint and stagnation temperature minimized humidity 

Most of t h e  tests were conducted at Mach numbers from 0.6 t o  1 . 2  a t  angles 
of attack from Oo t o  about 24O; one t e s t  w a s  made a t  
nation pressure w a s  varied with Mach number and a l s o  with configuration changes 
due t o  balance overloading. A summary of t h e  m a x i m u m  and minimum dynamic pres- 
sure f o r  each Mach number, with t h e  corresponding Reynolds number based on model 
length, is  presented i n  t h e  following table: 

M = 0.2. The tunnel stag- 

4 
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6 0.2 115 3.25 x 10 

0.6 421 4.24 x lo6 
I 

M 

626 

483 
0.8 

R 

6 5.13 x 10 

3.96 x lo6 

353 

260 
1.0 

2.48 x lo6 

1.82 x lo6 

639 

1.2 

I ' 4.77 x 106 I 

I I 

280 1.81 x lo6 

I 0.9 t * I I 

410 I 3.06 x lo6 I 

* The angle of a t tack  of t h e  model w a s  determined by measuring t h e  angle of 
t h e  support s t i n g  and adjusting it f o r  both the tunnel  a i r f low misalinement and 

' t h e  def lec t ion  of model and s t ing  support due t o  aerodynamic load. 
.within t h e  cavi ty  of t h e  model base w a s  measured, and t h e  axial-force coeff i -  
. c ien t s  were adjusted t o  a condition of free-stream s t a t i c  pressure within t h e  

The pressure 

cavity.  

The forces  and moments were measured on a six-component e l e c t r i c a l  s t ra in-  
gage balance mounted i n  the  model. 

All l a t e r a l  and d i r ec t iona l  s t a b i l i t y  data were obtained a t  s ides l ip  
angles between Oo and about 6O. A l l  longitudinal performance data  a r e  referred 
t o  the  s t ab i l i t y -ax i s  system (see f i g .  2); whereas, the  d i rec t iona l ,  l a t e r a l ,  
and longi tudina l  s t a b i l i t y  results a r e  referred t o  the body-axis system. The 
longi tudina l  performance and s t a b i l i t y  r e su l t s  a t  s i d e s l i p  angles other  than 0' 
are i n  close agreement with those at  p = Oo and are not presented. 

ACCURACY O F  RESULTS 

Cal ibrat ions of t h e  tunnel  tes t  sect ion indicate t h a t  l o c a l  deviations from 
t h e  average free-stream Mach number a re  of the order of kO.005 at  subsonic 
speeds. 

Mach number d i s t r ibu t ions  along the center of t he  t e s t  sec t ion  a re  presented i n  
reference 6. 
the nominal value shown i n  t h e  figures. 
s i d e s l i p  w a s  k0.20. 

With increases  i n  Mach number, these deviations increase but do not 
Several  representat ive . exceed 0.010 i n  the  region of the  model at M = 1.2. 

The average free-stream Mach number w a s  held t o  within kO.005 of 
The accuracy i n  angles of a t tack  and .. 

A summary of t h e  balance accuracy i n  terms of t h e  

uimfmmm 
UNCLASSIFIED 
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aerodynamic coef f ic ien ts  f o r  t he  maximum dynamic pressure at each t e s t  Mach num- 
ber  i s  presented i n  t h e  following table:  

I 
M 

0.2 
.6 
.8 
-9  

1.0 
1.2 

Accuracy of s t a t i c  balance ca l ib ra t ion  i n  terms of - 
CN C A c, c 2  Cn CY 

0067 .0007 .a106 .0003 .0003 .0017 
I0045 .0005 .0004 .0002 .0002 .0011 
.0044 ,0004 .0004 .0002 .0002 . OOii 
0 0080 0 0008 .0007 .0003 .0003 .0020 
0 0101 . 0010 . 0009 .0004 . 0004 . O O S  

0.0247 0.0025 0.0021 0.0009 0.0009 0.0062 

. .  

. 

RESULTS AND DISCUSSION 

The bas ic  da ta  a r e  presented i n  f igures  3 t o  17. An index of t h e  data 
p l o t s  i s  given i n  t a b l e  11. 
presented, several  per t inent  areas  a r e  b r i e f l y  discussed. 

Although no de ta i l ed  ana lys i s  of t h e  results is  

With t i p  f i n s  D-1  e i t h e r  on o r  off  and dorsa l  f i n  E i n s t a l l ed ,  t he  vehicle  
i s  longi tudinal ly  s t ab le  and can be trimmed over a r e l a t ive ly  l a rge  angle-of- 
a t tack  range ( f i g s .  6 and 11). 
near t r i m  a r e  noted. 
Cm curve were obtained a t  several  elevon def lec t ion  angles. (See f i g s .  3(a) 
t o  3(d) . )  6, = Oo, two s t ab le  t r i m  po in ts  occurred a t  angles of a t tack  
of 7 O  and 130. It i s  possible  t o  a l l e v i a t e  t h i s  pitching-moment cha rac t e r i s t i c  
by d i f f e r e n t i a l  def lec t ion  of upper and lower elevons (upper elevons at  -5' and 
lower elevons a t  +5O. 
most of t h e  aforementioned cha rac t e r i s t i c  ( f i g s .  10 and 11) as a r e s u l t  of 
t h e  a l t e r a t i o n  of l o c a l  flow cha rac t e r i s t i c s  i n  t h e  v i c i n i t y  of t h e  body and 
f i n  juncture. 

* 
No major def ic ienc ies  i n  longi tudinal  s t a b i l i t y  . 

With t i p  f i n s  on and a t  M = 0.8, double re f lexes  i n  the  

With 

(See f i g .  3 (h ) . )  Removal of t h e  t i p  f i n s  eliminated 
Cm 

Large differences i n  the  longi tudina l  cha rac t e r i s t i c s  of t h e  en t ry  vehicle 
a r e  evident as a r e s u l t  of t h e  placement of t h e  launch-vehicle adapter sect ion 
i n  close proximity with the  vehicle  and t h e  i n s t a l l a t i o n  of t h e  canopy sh ie ld  
and abort rockets. (See f i g s .  14 and 15.) It i s  believed t h a t  l a rge  regions 
of separated flow exis ted over t h e  aft port ions of t h e  upper and lower surfaces 
of the  vehicle .  The pressure increase i n  the  separated-flow region reduced the  
drag s igni f icant ly  throughout t he  t e s t  Mach number range and reduced the  slope 
of the lift curve at  Mach numbers above about 0.8. These launch-vehicle i n t e r -  
ference e f f ec t s  should r e s u l t  i n  t h e  a l l e v i a t i o n  of launch-vehicle bending s 

moments created by the  addi t ion of t h i s  vehic le  with r e l a t i v e l y  h i g h - l i f t  
capabi l i ty .  

6 



Whenever the  center-l ine dorsal  f i n  E is ins ta l led ,  the vehicle is, i n  
general, d i rec t iona l ly  and l a t e r a l l y  s tab le  throughout t h e  tes t  ranges of Mach 
number and angle of a t tack.  (See f ig s .  7, 12, and 17.) The negative values 

, of Cnp at M = 1.2 ( f ig s .  7(b)  and 7 ( c ) )  a t  a > 20° a re  a t  angles of 

-. a t tack  i n  excess of t h e  t r i m  values of 15' and 190 for t h e  vehicle with 
6, = -50 and 6, = -loo, respectively.  It i s  possible t h a t  w i t h  6, = -150, 
t h e  t r i m  angle of a t tack  of 220 may be high enough t o  cause t h e  vehicle t o  
approach a neut ra l ly  s t ab le  condition. 
shown f o r  t h i s  combination of angle of attack and elevon def lect ion i n  f i g -  
ure  7(d), since they were not available.  

. *' 

The d i r ec t iona l - s t ab i l i t y  data  a re  not 

For most of t h e  t es t  conditions, r o l l  control i s  pos i t ive  and i s  accom- 
panied by favorable yaw due t o  r o l l  ( f i g .  8). 
duces an unfavorable r o l l  due t o  yaw t h a t  may be o f f se t  by use of r o l l  con- 
t r o l s  ( f ig .  9 ) .  

However, t h e  pos i t ive  yaw pro- 

CONCLUDING REMARKS 

The aerodynamic charac te r i s t ics  of a blunt-leading-edge, negative-camber, 
delta-planform ent ry  vehicle with horizontal-landing capabili ty,  designated 
HL10, have been obtained a t  Mach numbers from 0.2 t o  1 .2  and at  angles of 
a t tack  from 0' t o  about 24'. From these resu l t s  it was determined that  t h e  
vehicle, i n  general, has longitudinal,  d i rect ional ,  and lateral s t a t i c  stabil- 

. i t y  and is  control lable  with favorable yaw due t o  r o l l  and unfavorable r o l l  
due t o  yaw; t h e  l a t t e r  can be corrected by use of r o l l  controls.  I n  addition, 
a launch-vehicle adapter sect ion i n  close proximity with t h e  en t ry  vehicle 
reduced t h e  drag and l i f t -curve  slopes of the en t ry  vehicle a t  t ransonic  speeds 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, HamTton, Va., April 24, 1964. 
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TABLE 1.- CROSS-SECTION ORDINATES FOR HL-10 WITH TIP FINS OFF 

x/Z = 0.042 

0.0541 
og32 

9 0503 
.0441 
0375 
0333 
.OB0 
.0167 
.0083 

0 
- 0536 

0 
.0083 
.0167 
.0250 
.0306 
0338 
0390 

.a31 
0459 

. a 7 6  
0 

x/Z = 0.083 

0.0681 
.0668 
. 6 3 7  
0579 

.0502 

.&17 
0330 

.0250 

.0167 
-083  

- .0083 - .0167 
-00752 

0 

Y/2 

0 
.0083 
.0167 
.0250 
' 0333 
0392 

.&44 

.&87 

.0521 
0547 

.0568 
0585 
E96 

0 

x/Z = 0.125 

0 0737 
0729 

.0702 

.0660 
0594 
0505 

.Oh17 
0333 

.OB0 

.0167 
00083 

- .0167 - .0250 - 0333 - .ogo4 

0 - -0083 

0 
.0083 
.0167 
.0250 
0330 

.0417 
0477 

.0528 
0571 

.0604 

.0632 

.0656 
0675 

.0691 

.07& . 0714 
0 

x/z = 0.167 

0.0771 

.0744 
' 0763 

.0712 
,0664 
0597 
.0512 
. a 1 7  
* 0333 
.0250 
.0167 
. a 3  

0 - .0083 - .0167 
- .o*o 
- 0333 - .&17 - .0500 - .io26 

YIZ 

0 
,0083 
.0167 
.0250 
' 0333 
,0417 
.0500 
0565 

.0618 

.0664 

.0701 
0732 
0757 
0778 
0796 
.0811 
.0823 
* @33 
.0840 
0 

9 
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b ,  

TABLE I.- CROSS-SECTION ORDINATES FOR HL-10 WITH TIP FINS O F F  - Continued 

x/2 = 0.208 

10 

0 0792 
0787 
0772 
0747 

.0712 
0664 
0592 
0517 

.ob17 
0333 

.o*o 
-0167 . 0083 

0 
- .om3 
- .0167 - .0250 
- 0333 - . a 1 7  - .0500 
- .0583 

-.u26 

Y/2 

0 
.0083 
.0167 
.o*o 
0333 

.0416 

. e o 0  
0583 

.0656 
0713 

.0760 

.Moo 
0833 

.e860 

. a 3 2  

.0902 
0919 
0933 

.@46 
0955 

.0962 

0 

x/2 = 0 . 3 0  

0.0807 
.0803 
0792 
0773 
0748 

.0712 

.0666 

.0606 
' 0527 
. a 5 8  
.Ob17 
0333 

.0250 

.0167 
0083 

- .0083 - .0167 - ,0250 - 0333 -. 0417 - .0500 
- 9 0583 - . 0667 - . 1205 

0 

0 
.0083 
.0167 . o s 0  
0333 

.&17 

.moo 
0583 

.0667 

.0721 
0754 
.0811 
.0862 
.0902 
0937 
0965 
0990 
,1011 
.io27 . lob4 
9 1057 
.io67 
.io76 
.io83 

0 

x/2 = 0.292 

0. (2817 

.0807 
0794 
0774 
0750 
0715 

.0672 

.0617 

.0500 . &17 
0333 
.OB0 
.0167 
.0083 

0 
- 0083 - 0167 -. 0250 
- 0333 - . a 1 7  
- .0500 - 0583 - .0667 

- . i s 8  

.0814 

.0546 

- 0750 

Y b  

0 
-0083 
.0167 
. o q o  
' 0333 . 0417 
,0500 
0583 

.0667 
0750 

9 0789 
. a 5 8  
.0918 
0969 

.lo10 

.lob4 

.io72 

.io98 . u 1 9  
' 1137 . 1156 
.1170 
1182 

.1192 
e n 9 8  
.1202 

0 

x/2 = 0.333 

0.0820 
,0818 
.0813 
.0803 
0789 
0771 
0747 

.0716 
0677 

.0627 

.05& . ob85 

.0417 - 0333 

.OB0 

.0167 

.0083 
0 - 0083 - .0167 - . 0250 
- 0333 - . a 1 7  
- .0500 
- 0583 - .0667 

- ~ 3 1 2  
- 0750 

Y/2 

0 
.0m3 
.0167 
.0b0 
0333 

.&17 

.WOO 

.0583 

.0667 
0750 

* 0833 
0917 

.0968 

.1027 

.1078 

.1119 

.1152 
1179 

.1204 

.1227 

.1a0 

.1267 

.1282 

.1296 

.1306 
1317 

.1321 
0 

. 



. ” 
TABLE I.- CROSS-SECTION ORDINATES FOR HL-10 WITH T I P  FINS O F F  - Continued 

X/2 = 0.375 

0.082l 
0820 

.0816 

.0809 
0799 
0783 . 0766 
0744 
0714 
6 7 9  
633  
05-76 
0503 

.&15 
0333 

.0250 
,0167 
.0083 

0 
- .0083 
- .0167 -. 0250 
- 0333 - .&17 - 0 0500 
- .0583 - . 0667 - .on0  - 0833 - 1334 

0 
00083 
.0167 
. o a o  
0333 

.&17 

.0500 
’ 0583 
.0667 
9 0750 
0833 
0917 

.loo0 

.io83 

.1136 

.1187 

.1229 

.1262 

.1292 
1315 
1337 

9 1358 
1377 
1394 

,1408 
.1420 
.1429 

.1442 
9 1437 

0 

X/l = 0.417 

0.0814 
.0813 
.@ll 
.@05 
0797 

.0786 
0772 
0755 
0733 

.0706 

.0674 
0633 

.0582 
0517 
0437 
0375 
0333 

. o s 0  

.0167 

.0083 

- .0083 - .0167 - . OB0 
- 0333 - .Ob17 - .0500 
- .0583 - .0667 

- .@33 

0 

- 0750 

-.1340 

0 
.0083 
.0167 
.o*o 
’ 0333 
.Ob17 
. G O O  
0583 

.0667 
0750 
0833 
0917 

.loo0 

.io83 

.1167 . la1 

.1241 

.1296 
1339 
1375 

.1406 

.1431 
1453 

.l472 

.1492 

.1508 
1523 

9 1536 
.1546 
.I554 
* 1559 

0 

x/2 = 0.458 

4 2  
0.0800 

0799 
0797 

-0794 
.0788 
.0780 
.0768 
0755 
0739 

.0720 

.0694 

.0664 

.0629 

.@81 

.@26 
0453 

00363 
. o s 2  . OB0 
.0167 
.0083 

- .0167 
- .0250 
- 0333 
- .a17 
-.moo - .0583 - .0667 

- (3333 - .1322 

0 
- .0083 

- .0750 

0 
.0083 
.0167 
. o a o  
0333 

.&17 

.WOO 
0583 

.0667 

.om0 
0833 
0917 

.loo0 

.io83 
a 6 7  
.la0 
1333 
1379 

.1407 

.1454 

.1491 

.1521 
* 1549 
1571 
1592 

.1611 

.1627 

.1642 

.1654 

.1664 

.1672 
9 1677 

0 

x/z = 0.500 

0.0782 
.0782 
.0780 
0776 
0770 

.0762 
’ 0751 
07% 
0723 
0705 

.0682 
0655 

.0620 
0579 

0 0 5 2 9  
.0467 
0390 
0333 

.0250 

.0167 

.0083 
0 
- .0083 - .0167 
- .0250 
- 0333 - .Oh17 - .0500 
- .0583 
- ,0667 

- .1285 
- 0750 

0 
.0167 
.oao 
0333 

.&17 

.WOO 
0583 

.0667 
0750 

* a33  
0917 

.1000 

.1083 

.1167 

.1a0 
* 1333 
.1417 
.1458 
.1521 
-1571 
.1612 
.1643 
.1672 
.1694 
1715 
’ 1733 
1750 

01763 
’ 1775 
1785 
1792 

0 
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TABLE I.- CROSS-SECTION ORDINATES FOR HL-10 WITH TIP FINS O F F  - Continued . 

x/Z = 0.542 

0 0759 
0759 
0758 
0756 
0752 
' 0747 
.0740 
0730 

.0718 
0705 

. o m  

.0666 

.0642 

.0611 
0575 

-0530 
.0476 
.0410 
,0326 
.0249 
.0166 
.0@3 

0 
- .0083 - .0166 

- .a15 - .0498 - .0581 

- .1229 

- 0249 -. 0332 

- .0664 

Y/ 2 

0 
.0166 
.0249 
' 0332 
.0415 
. 0 4 9  
.0581 
.0664 
0747 

.@30 - 0913 
0996 
1079 

.1162 

.1245 

.1328 

.1411 

.1494 
1577 

.1629 

.1685 
9 1729 
.1764 
-1790 
.1815 
.1834 
1853 

.1869 

.1882 
* 1893 
.].go2 
0 

X/Z = 0.583 

4 2  

0.0741 
.0741 
.0740 
0735 

.0726 

.0710 

.0671 

.0668 

.0651 

.0626 
' 0596 
0563 

.0521 

.Oh71 
.Ob12 
0337 

.0250 

.0167 

.0083 
0 - .0083 
- .0167 
- .0250 
- 0333 - .Ob17 
-.0500 
- .0583 
- .1156 

Y/2 

0 . 0104 
.0271 
0437 

.06& 
' 0771 
' 0937 
.lo20 
. n o 4  
.1187 
.1270 
1354 
1437 

.1520 

.16& 

.1687 
9 1756 
.1813 
.1860 
9 1897 
.1926 
1949 
1970 

.1988 

.2003 

.2017 

.2028 
0 

x/z = 0.625 

4 2  

0.0716 
.0716 
.0716 
0713 
0707 

.0696 

.0678 
' 0655 
0637 

.0616 
0591 
w58 

.0521 

0365 
.0292 
.0250 
.0167 
.0083 

0 
- .0083 - .0167 
- .0250 
- 0333 - 0417 
- ,0500 
- 1073 

.0478 

.Oh29 

0 
.om4 
.0271 
.0437 
.0604 
0771 

* 0937 
.11& 
.1187 
.1270 
1354 
1437 

.1520 

.1604 

.1687 
- 1770 
,1842 
.1878 
.1941 
1991 

.2028 
2057 

.2@0 

.2101 

.2118 
,2132 
.2143 
0 

x/z = 0.667 

0.0687 
.0686 
.0686 

.0678 

.0669 
' 0655 

.0601 

.0580 
* 0553 
.0522 
. a83  
' 0439 
* 0385 
* 0317 
.0250 
.0167 
.0m3 

0 
- .0083 
- .0167 
- ,0250 
- 0333 - . ob17 
- .0986 

.0684 

.0634 

0 
.02@ 
- 0375 
.0541 
.07@ 
0875 

.1041 

.1208 

.1374 

.1458 

.1541 

.1624 

.1708 
1791 

.1874 
* 1958 
.2015 
.2080 
.2128 
.2167 
2197 

.2218 
2237 

.2254 

.2264 
0 
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TABLE I.- CROSS-SECTION ORDINATES FOR HL-10 WTTH TIP FINS OFF - Concluded 

X / 2  = 0.708 

0.0654 
0653 

.0651 

.0650 

.0634 

.&17 
0596 

.0582 

.0563 

.0542 
0517 

.0487 

.0446 
0398 

.0340 

.0292 

.0250 

.0167 
.0083 

0 
- .0083 
- .0167 - .0250 
- 0333 
- .0889 

.0643 

Y/2 

0 
.Ob17 
0583 
0750 

.0916 

.io83 

.1250 

1499 
1583 

.1666 

.1749 

.1833 

.1916 
-1999 
.2083 
.2130 
.2168 
2235 

.2283 
2317 
2343 
2363 

* 2378 
2390 

.1416 

0 

x/2 = 0.875 

0.0487 
- -0452 

0 
0 

x/2 = 0.750 

0.0617 
.0616 
.0615 
.0611 

0596 
.@81 
.0561 
0533 

.0488 

. oh58 
,0421 
0372 
0333 

.0292 

.0250 

.0167 

.om3 
0 
- .0@3 
- .0167 -. 0250 

.0606 

- 0785 

Y/2 

0 
.0625 
0791 - 0958 

.1125 

.1291 

.1458 
,1624 
1791 

.1958 

.2041 

.2124 

.2207 

.2256 
2307 
2347 

.2409 

.2447 

.2470 

.2491 

.2504 

.2511 
0 

x/l = 0.917 

0.0440 
- .0341 

0 
0 

x/2 = 0.792 

2 1 2  

0.0578 
-0577 
0576 
0573 
0569 

.0561 

.0549 
-0532 
.0506 
.0486 
.a60 
.0425 
0375 - 0333 

.0250 
-0167 
.0&3 

0 
- .0083 
- .0167 
- .0673 

0 
0937 
.1104 
.1270 
* 1437 
.1604 
' 1770 
1937 

.2103 

.2187 

.2270 
2353 

* 2437 
.2481 
2551 

.2588 

.2611 

.2631 

.2634 

.2624 

0 

X/Z = 0.958 

- .0227 

UNCLASSIFIED 

x/Z = 0.833 

212 
0.0536 

* 0534 
0532 

.0528 

.0521 

.WlO 

.0482 
* 0455 
.0h00 
- 0333 
.0250 
.0167 
.0083 

- .0563 
0 

Y/Z 

0 
.1666 
- 1833 
1999 

.2166 
2332 
2499 

.2582 

.2666 
2707 
2736 

* 2749 - 2753 
2753 

0 

X / l  = 1.000 

0.0344 -. 0125 
0 
0 
1 



TABLE 11.- INDEX TO DATA PLOTS 

E 

14 

~ 

., 
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Tip  
f i n  

D - 1  

- 

v 

OSf 

I 
D - 1  
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On 

O f f  
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D 
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Adapt e r 
e c t i o n  A 
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0 
-5 
-10 
-15 

> 
10 
15 
*5 

0 
0 
0 

-10 
-10 
10 
10 

0 
0 

' a r iab:  

0 

-5 
-10 
- 15 
10 
15 

0 
0 
0 

-10 
-10 
10 
10 

0 
0 

0 
-15 

15 

l a r i a b  

0 

0 
-10 
0 
0 

0 

J a r i a b  

0 

., - 

Data p l o t t e d  

:L, CD, LID, C, a g a i n s t  a 

I 
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L-64-803 
( d )  HL-10 with canopy D, abor t  rockets, and launch-vehicle adapter  sec t ion  A. 

Figure 1.- Concluded. 
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Figure  3.- Longitudinal performance of -10 model wi th  cen te r  f i n  E, t i p  f i n s  D-1, P = OoJ 68 = Oo, 
and 6, = 00. 
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